In order to study the applicability of different light response models to the photoresponse curves of four species of Chamaenerion, four species of Chamaenerion collected from Serzilla were used as test materials. Four common photosynthetic models were used to fit the photosynthetic response curve of the leaves. The results show that: 1) The effect of different photosynthetic response models on photosynthetic response curve of the genus chromasia was different. The fitted value of the correction model of right angled hyperbola was closest to the measured value, the R2 was 0.998, and RE was 0.216. 2) In terms of fitting the photosynthetic parameters, the initial quantum efficiency, light compensation point and dark respiration rate were suitable for fitting with non-right angle hyperbolic model. In terms of fitting the photosynthetic parameters, the initial quantum efficiency, light compensation point and dark respiration rate were suitable for fitting with non-right angle hyperbolic model.
Introduction
The plant chamaenerion is a medicinal ornamental plant for ecological restoration [1] [2] [3] , has very high application value and has gradually become the hot spot in research on modern botanical drug [4] [5] [6] [7] . Now the response curve fitting models of the photosynthetic light are diversified. The four frequent models include rectangular hyperssions model, nonrectangular hyperssions model, exponential function model and modified model of rectangular hyperbola. The rectangular hyperssions model, nonrectangular hyperssions model and exponential function model can be used to fit an asymptote without an extreme, which cannot resolve the plant saturation intensity and maximum net photosynthetic rate by using the model equations [8] and can not reflect the light suppression phenomena after the plant reaches the saturation intensity [9] . The nonrectangular hyperssions includes the curve's curvature θ and approximates to the measured value in case of data fitting [10] . The corrected rectangular hyperssions model includes the coefficient β and γ, so it not only fits the light saturation point and light compensation point and computes the solution of the maximum net photosynthetic rate, but also roughly ensures that the fitted values and computed values approximate to the measured values highly.
Some bad weathers such as low temperature, drought, strong radiation and strong winds exist in the Tibetan Plateau, so the plants in this area feature distinct physiological and ecological adaptation [11] [12] . The strong radiation in the Tibetan Plateau will easily affect photosynthesis of the plants. When the altitude increases, the flavone content will increase in the plants, so the alpine plants have the radiation resistance stronger than that of the low-altitude plants [13] .
For response to the illumination radiation intensity, the photosynthetic rate of some plants [14] [15] will become strong with growth of the radiation and these plants can actively utilize the light energy. The photosynthetic rate of some plants [16] [17] will become weak with growth of the radiation in order to avoid damage to the leaves under the strong light and enter the preventive status.
Some persons [18] [19] think that this phenomena is caused by low temperature.
In addition, the light saturation point and light compensation point of the alpine plants are lower than those of the low-altitude plants [16] .
Therefore, identifying the photosynthesis light response curve of the alpine plants is significant for research on the photosynthetic characteristics of the alpine plants [20] . Four frequent light response modes are used to fit the light response data of four chamaenerion plants in this paper, the applicability of several light response modes is discussed, and some basis are provided for reasonable The late frost appears latest in early May, and the early frost appears earliest in late September [21] . The experimental site is open, and free from shading, and the lighting, ventilation and irrigation conditions are good.
Materials and Methods

Overview of Experimental Site
Test Materials
The test materials include some perennial plants such as C. angustifolium, C. angustifolium subsp. Circumvagum, C. conspersum and C. latifolium in the Serzilla Mountains, Linzhi, Tibet Autonomous Region. After the test materials are cultivated and survive at the Tibet characteristic flowers and plants R&D center of the National Flowers and Plants Engineering Technology R&D center, they will be tested in the flower season.
Collection Method of Light Response Curve
The photosynthesis test is measured inside the greenroom at the Tibet Characte- 
In this equation, P n (I) is the net photosynthesis rate, I is the photosynthesis photon flux density, α is the initial gradient of the light response curve, P max is the maximum net photosynthetic rate and R d is the dark respiration rate.
The modified model of rectangular hyperbola [23] [24] for the plant photosynthesis to the light response is expressed as follows:
In this equation, α is the initial gradient of the light response curve, β and γ are the coefficient, I is the photosynthesis photon flux density, R d is the dark respiration, and the saturation intensity I sat is:
The maximum net photosynthetic rate P max is expressed as follows:
The nonrectangular hyperssions model [25] is expressed as follows:
In this equation, P n (I) is the net photosynthesis rate, I is the photosynthesis photon flux density, θ is the curve curvature, α is the gradient of the plant photosynthesis to the light response curve in case of I = 0, namely the initial gradient of the light response curve, which is also called as the initial quantum efficiency.
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P max is the maximum net photosynthetic rate and R d is the dark respiration rate.
The exponential equation [26] of the plant photosynthesis to the light response given by Bassman and Zwier is expressed as follows:
In this equation, the definitions of P n (I), α, P max , R d and I are same as the above definitions. ). The intersection point between the regressive line and X axis (P n = 0) is the light compensation point. The intersection point with y = P max is the light saturation point. For modified model of rectangular hyperbola, light saturation point and maximum net photosynthetic rate can be calculated by using the Equation (3) and (4) . For the exponential function model, the light saturation point is the corresponding photosynthesis photon flux density [27] [28] of 0.9 P max or 0.99 P max .
Calculation of Characteristic
Data Processing
The Excel is used for statistical analysis and plotting of the data.
To further test precision of the fitting data and actual measured photosynthesis parameter, RE (the relative error) [29] is defined:
RE y y y = −
In this equation, t y is the measured values and t y is the fitting value.
Smaller RE indicates that the fitting value approximates to the measured values.
Results and Analysis
Fitting and Comparison of Light Response Curve
Shown as the Figure It is known from 
Maximum Net Photosynthetic Rate
The maximum net photosynthetic rate fitted by four models are compared with the measured values. The RE in the Table 3 shows that the average RE value of the modified model of rectangular hyperbola is 0.024 and its fitting value approximates to the measured value much. The fitting effect of the maximum net photosynthetic rate shows that the modified model of rectangular hyperbola can show the most accurate maximum net photosynthetic rate of four chamaenerion plants on the Serzilla Mountains in the four light response curve fitting models, followed by the nonrectangular hyperssions model. The difference between the fitting values of the rectangular hyperssions model and the measured values is maximum. For the fitting effect of four models to the maximum net photosynthetic rate of same plants, the minimal RE of the relative errors of C. conspersum is 0.055. The RE value of C. angustifolium subsp. Circumvagum is 0.062. The RE value of C. angustifolium is 0.068. The RE value of the C. latifolium is 0.084. On the whole, the fitting effect of the fitting model of four light response curve is very accurate.
Light Saturation Point
From the RE values in the 
Light Compensation Point
When the fitting light compensation points of four model are compared with the measured value, from the RE values in the Table 5 
Dark Respiration Rate
The RE in the Table 6 shows that the fitting dark respiration rate of the nonrectangular hyperssions mostly approximates to the measured value in the four models.
The average RE value is 0.309. To compare the relative errors of the dark respiration rate of different plant models, the fitting effect of four models for same plant is ranked from high to low as follows: C. angustifolium subsp. Circumvagum, L. S. Wan et al. Table 6 . The relative error between the fitting value of dark respiration rate and the measured value in different models of four species of Chamaenerion. 
Conclusion
Study on the selection of photo-response curve fitting model for four species of The light is the important environment factor to affect photosynthesis. The wide-range adaptation to the light shows that the plants have stronger adaptability to the environment. The plants with the lower light compensation point and higher light saturation point have stronger adaptability to the light environments. The plants with the higher light compensation point and lower light saturation point have weaker adaptability to the light environments [31] . The C. conspersum has lower light compensation point, higher light saturation point, higher net photosynthesis rate and wider illumination range in the research and is nearly distributed at different altitudes on the east and west slopes on the Serzilla Mountains. Such performance is similar to the Rheum tangutiCum [14] , Kobresia humilis [15] and Polygonum viviparum L. [34] which have the active response to the strong radiation on the plateau. The C. angustifolium subsp.
Circumvagum has higher light compensation point, lower light saturation point, narrow illumination adaptation range and photosynthesis feature of the shade-demanding plants. The photosynthetic characteristics of the C. angustifolium subsp. Circumvagum show passive response to the stronger radiation on the plateau and has lower photosynthesis rate, lower apparent quantum efficiency and lower light saturation point under the strong radiation. The C. angustifolium and C. latifolium has higher light compensation point and light saturation point, so they have weak adaptability to the light environment, but they have active response to the strong radiation on the plateau and can select the radiation with different light intensities at different altitudes. It can explain why the C. angustifolium and C. latifolium are distributed narrowly on the Serzilla Mountains. From the view of the light environment acclimation and adaptation, the plants on the plateau are difficult to grow in the areas with lower altitude and lower light intensities. The C. angustifolium, C. angustifolium subsp. Circumvagum and C. latifolium have significant suppression phenomena. The C. conspersum is most suitable for the applications under the high light intensities in Tibet. The daily change of photosynthesis and response to different CO 2 concentrations shall be further studied for four plants. Research on response to different CO 2 concentrations aims at the influences of the global weather change (CO 2 concentration and temperature increase) to the alpine plant photosynthesis and further derives their influences on other aspects in the Tibet plateau.
The alpine plant indicates the mountain plants growing on the high mountain tree line and higher and snow line. Now the research on the photosynthetic characteristics of the alpine plants mainly focuses on the North Pole and tundra zone and the research on the alpine plant at the middle and low latitude is missing [35] . The research on the photosynthesis of the chamaenerion plant on the Serzilla Mountains supplements research on the photosynthesis research of the alpine plants at the middle and low latitude. The research on the photosynthetic characteristics of the alpine plants in the Tibet plateau shows the following law: With growth of the altitude or effective photosynthesis radiation intensity, the photosynthetic characteristics parameters of the plant will grow or reduce. Some scholars [36] think that it may be caused by the survival regulation mechanism of the plant or be caused by consideration of single factor in research. The research on the photosynthetic characteristics of the alpine plants shall integrate interactive role or main component role of multiple environmental factors.
